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Understanding Gravity Orbits and Kepler''s Law: A Complete Guide with 
PhET Answers

When we look up at the night sky, we see stars, planets, and moons dancing in their celestial orbits. Behind this 

elegant choreography lies a set of physical principles that govern everything from the motion of a satellite around 

Earth to the revolution of a planet around the Sun. This article dives deep into the fundamentals of gravity orbits 

and Kepler''s laws, explains how they interrelate, and shows you how to use the Doc. PhET interactive simulations 

to explore these concepts hands �on. Whether you’re a student, a teacher, or simply a curious learner, this guide will 

provide clear explanations, practical examples, and useful answers to common questions about gravity orbits and 

Kepler''s law doc phet answers.

1. Gravity Orbits: The Basics

1.1 What Is a Gravity Orbit?

A gravity orbit is the path a celestial object follows as it moves under the influence of a gravitational force. In a

two �body system, such as a planet orbiting the Sun or a satellite orbiting Earth, the central mass pulls on the

smaller body, causing it to travel along an elliptical trajectory. The shape and size of the orbit depend on the

masses involved and the initial velocity of the orbiting object.

1.2 The Role of Mass and Distance

The gravitational force between two bodies is described by Newton’s law of universal gravitation:

F = G /(m • /m ‚) // /r²

where F is the force, G is the gravitational constant, m • and m ‚ are the masses, and ris the distance between their

centers. Because the force is inversely proportional to the square of the distance, objects closer to each other

experience a stronger pull. This relationship is what keeps planets in orbit and determines the orbital period.

2. Kepler''s Laws of Planetary Motion

2.1 First Law – The Elliptical Orbits

Johannes Kepler, a 17th �century astronomer, discovered that planets move in ellipses with the Sun at one focus.

This was a radical departure from the previously accepted idea of circular orbits. The elliptical shape explains why

the distance between Earth and the Sun varies over the course of a year.

2.2 Second Law – Equal Areas in Equal Times

Kepler’s second law states that a line segment joining a planet and the Sun sweeps out equal areas during equal

intervals of time. This means a planet travels faster when it is closer to the Sun (perihelion) and slower when it is

farther away (aphelion). The law reflects the conservation of angular momentum in an orbit.

2.3 Third Law – The Harmonic Law

Kepler’s third law links the orbital period of a planet (T) to the size of its orbit (a, the semi �major axis).

Mathematically, it is expressed as:



T² "� a³

When the constant of proportionality is included, the law becomes T² /= /(4<�"�òò�ôtÒ’�ö�0, where G is the gravitational 

constant and Mis the mass of the central body. This relationship is foundational for determining planetary masses

and for mission planning in space exploration.

3. Connecting Gravity Orbits and Kepler’s Laws

3.1 Deriving Kepler’s Third Law from Newtonian Gravity

By combining Newton’s law of gravitation with the equations for circular motion, we can derive Kepler’s third law.

For a circular orbit, the centripetal force required to keep an object in orbit equals the gravitational force:

m /v² // /r = G /(m /M) // /r²

Simplifying and substituting the orbital speed v with 2<�"�òò�õ@ yields the same proportionality between T² and a³. 

Although real planetary orbits are elliptical, the derivation still holds because the average radius a is used.

3.2 Practical Implications for Satellite Navigation

Understanding the relationship between orbital period and radius is essential for launching satellites into the correct

orbit. For example, a satellite in low Earth orbit (LEO) at an altitude of about 200 km has an orbital period of roughly

90 minutes, whereas a geostationary satellite at 35,786 km altitude has a 24 �hour period. Mission planners use

Kepler’s third law to calculate the required launch energy and to design orbital transfer maneuvers such as

Hohmann transfers.

4. Doc. PhET Simulations as an Educational Tool

4.1 What Is PhET?

PhET (Physics Education Technology) is a free, interactive simulation platform developed by the University of

Colorado Boulder. Designed for teachers and students, PhET allows users to manipulate physical variables and

observe the resulting behavior in real time. The platform covers a wide range of topics, from basic mechanics to

advanced astrophysics.

4.2 The “Gravity and Orbits” Simulation

In this simulation, users can create a central mass (e.g., a star or planet) and launch a smaller body (e.g., a moon

or satellite) with adjustable velocity and angle. The simulation displays the resulting trajectory, orbital parameters,

and the gravitational forces involved. By tweaking the initial conditions, users can observe how changes in speed or

direction affect the orbit’s shape and stability.

4.3 The “Kepler’s Laws” Simulation

This simulation focuses on the three laws of planetary motion. Users can visualize how a planet moves around the 

Sun, see the area swept over time, and compare orbital periods for different semi �major axes. The interactive 

features let users adjust the masses and distances to see how the harmonic relationship between T² and a³ holds.

5. How to Use PhET for Mastering Gravity Orbits and Kepler’s Law

5.1 Step �by �Step Guide to the Gravity Simulation

1.  Open the simulation: Navigate to the PhET website and select “Gravity and Orbits.”

2.  Set the central mass: Use the slider to adjust the mass of the central body. A larger mass will increase the 



gravitational pull.

3.  Launch the orbiting body: Drag the orbiting object to set its initial position, then click the “Launch” button.

4.  Adjust velocity and angle: Use the controls to change the speed and direction of the launch. Faster speeds 

tend to produce more circular orbits, while slower speeds lead to elongated ellipses.

5.  Observe the trajectory: Watch the path in real time. Pay attention to how the orbit changes when you modify 

the parameters.

6.  Use the “Reset” button: Start over to test different scenarios.

5.2 Step �by �Step Guide to the Kepler Simulation

1.  Open the simulation: Go to PhET and choose “Kepler’s Laws.”

2.  Set the Sun’s mass: Adjust the mass slider to match the desired central body.

3.  Place the planet: Drag the planet to the desired initial position.

4.  Launch the planet: Click “Launch” and observe the orbit.

5.  Measure orbital parameters: Use the built �in tools to measure the semi �major axis, orbital period, and the area 

swept over a given time.

6.  Compare different orbits: Change the planet’s velocity to see how the period changes in accordance with 

Kepler’s third law.

5.3 Tips for Students and Educators

•  Use guided questions: Prepare a set of questions that prompt students to predict how changes in velocity or 

mass affect the orbit before running the simulation.

•  Incorporate real data: Compare simulation results with actual planetary data to reinforce the connection 

between theory and observation.

•  Encourage experimentation: Allow students to explore “what �if” scenarios, such as launching a satellite into a 

retrograde orbit or creating a highly eccentric orbit.

•  Integrate with assessments: Use the simulation to generate data for lab reports or quizzes, ensuring students 

can interpret and analyze results.

6. Frequently Asked Questions (FAQ)

Q1: What is the difference between a circular and an elliptical orbit?

A circular orbit is a special case of an ellipse where the eccentricity is zero. In a circular orbit, the distance between

the two bodies remains constant, and the orbital speed is uniform. Elliptical orbits have varying distances and

speeds, with the planet moving fastest at perihelion and slowest at aphelion.

Q2: Can a satellite escape Earth’s gravity?

Yes. If a satellite’s velocity exceeds Earth’s escape velocity (~11.2 km/s at the surface), it can break free from

Earth’s gravitational pull and travel into interplanetary space.

Q3: How does Kepler’s second law relate to conservation of angular momentum?

Kepler’s second
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